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THIS paper consists of an anatomical and histological study 
of a little-known native species of PruteocephaZuus and an inves- 
tigation of P. ~UicoZZis, a well-known species first described by 
Rudolphi, in which some additional points are elucidated. 

The investigations were carried on in the years 1895-97, and 
the paper has been accepted as the thesis for the Master’s 
degree at the University of Nebraska. 

To Dr. Ward my sincerest thanks are due, not only for the 
material with which I worked and the use of his private library, 
but also for the valuable assistance which in other ways he has 
given me. I am also indebted to the kindness of Prof. Dr. 
Zschokke, of Basel, in sending to Dr. Ward. specimens of 
P. fiZicoZZis. 

In the study of the genus of fish taeniae, to which Lonnberg 
(‘94) has given the name Ichthyotaenia, the paper by Weinland 
(‘58) has evidently been overlooked. In  this paper, which was 
brought to my notice by Dr. Charles W. Stiles in private cor- 
respondence, the following occurs : 

“Gen. 2 .  Proteocep5aZus, Weinl. (The name is derived 
from ‘ ~ p h r m , ’  the ever-changing principle in the old Greek 
mythology, and ‘/ce+ah7j,’ head.) The shape of the head of 
this genus is extremely changeable. There is no proboscis nor 
hooklets. The eggs are provided with two shells, the outer 
shell being mucilaginous. These taeniods live in reptiles and 
fishes. The type of this genus is Taenia ambigua Dujardin. 
Here belong Tueaia j%?icoZZis and Tuenia dispar.” 

1 Studies from the Zoological Laboratory, The University of Nebraska, under 
the direction of Henry B. Ward, No. 33. 
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I have not been able to obtain specimens of amdigua, and 
the literature which contains a more detailed description than 
that of Dujardin is inaccessible. Hence I could not determine 
from personal investigation whether arnbigua was a true type 
of the genus which has been called Ichthyotaenia. Riggenbach 
(‘96), however, lists ambigua as one of the Ichthyotaeziae, and the 
excellence of his work on this group warrants me in accepting 
this designation. The rules of priority in nomenclature, there- 
fore, demand the adoption of the generic name Proteocephahs. 
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The Genus Prateocephlus. 

The oldest literature on the Proteocephalus is found in the 
works of Rudolphi (‘lo), Dujardin (‘as), Diesing (‘50), van 
Beneden (‘61), and von Linstow (‘78). All of these authors 
confine their descriptions to a few details concerning the 
size and form of parts, particularly of the scolex and certain 
proglot t ids. 

Zschokke (‘84) was the first to make any study whatever of 
anatomical structure, and therefore his work is of much greater 
value than that of the older authors. The next author to make 
an anatomical and histological study was von Linstow (‘gl), who 
described T. ZongicoZZis. He was the first to note the relation- 
ship between the various fish taeniae. In the following year 
Kraemer (‘92) made a very exhaustive study of Cyathocefhalus 
tmncatus, P. tomlosa, and P.$ZicolZis, and established the iden- 
tity of P. fiZicoZZis and P. acellata. He also pointed out other 
common characteristics of the fish taeniae. Lonnberg (‘94) was 
the first to establish the group under the name Ichthyotaenia, 
and made its characteristics still more distinct and accurate. 

By far the best work yet done on this group is found in the 
paper by Riggenbach (‘96), who, in addition to a careful descrip- 
tion of two new species, has for the first time made an accurate 
and discriminating summation of the present knowledge of this 
group. At the present time a great amount of confusion exists 
and the accuracy of the specific determinations is doubtful 
in over half of the species of Ichtliyotaenin so far described. 
Riggenbach shows that out of a list of twenty-nine species 
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only seven have supposedly been accurately determined, and 
this paper makes evident grave mistakes in the description of 
one of these forms. As an example of inaccuracy should be 
cited the reference by both Kraemer (‘92) and von Linstow (‘78) 

to a description of T. torzlZosa in a work of van Beneden(‘6l). 
As a matter of fact, the form described is not even given by 
the author as tomlosa, but as purdosa, and from the figures 
could not possibly be tuvuZusa. Until all doubtful species are 
further investigated, no satisfactory synopsis of the entire genus 
can be made. 

Proteocephah ambZopZitis (Leidy). 

The specimens of this cestode which came into my posses- 
sion proved to be different in internal morphology from any 
carefully described species of Proteocephalus, and were at first 
believed to represent a new species. In reviewing the litera- 
ture on fish cestodes, I noticed an account by Leidy (‘87) of 
the discovery of a cestode in a rock bass, AmbZopZitis rupestris, 
which he named Taenia ambluplitis. His description was lim- 
ited to a few external measurements which did not agree with 
the dimensions of m y  specimens. H e  also stated, however, 
that the cestode closely resembled Taenia ucdata Rud. Dr. 
Ward, through the kindness of Dr. Hassell, acting curator of 
the Helminthological Collection of the United States National 
Museum, obtained for me Leidy’s type specimens. An accurate 
study of one of these by the section method showed that in 
spite of certain external differences this species was identical 
with my specimens. This is simply another illustration of the 
worthlessness of a description dealing merely with external fea- 
tures and external measurements in the determination of the 
species of cestodes. Exclusive of external form and measure- 
ments, the only difference shown by a careful anatomical and 
histological comparison of Leidy’s specimens with my own was 
the presence of a greater number of calcareous bodies in the 
parenchyma and the smaller size of the sphincter muscle. This 
latter particular was not important because the younger anterior 
proglottids in my specimens showed the same condition. This 
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difference then, as well as  the size, indicates simply that Leidy's 
specimens were younger than the ones I studied. The  descrip- 
tion of this form is therefore to be emended as follows : 

Specz$c C~aracieiistics.-Total length from 280 to 410 mm. 
Greatest breadth from 1.75  to 2.18 mm. Surface of body very 
rough, with transverse ridges and furrows. Scolex prominent 
.8z to .88 mm. in greatest diameter just behind the posterior 
margin of the suckers. A minute depression, with a slight 
elevation in the center, is situated on the rounded apex of the 
scolex. The  suckers are large, directed outward and forward, 
and separated by deep longitudinal furrows, which continue 
throughout the length of the short neck. Proglottids closely 
joined together, with edges very slightly rounded. Immature 
proglottids much wider than long ; majority of proglottids 
nearly square ; posterior proglottids slightly longer than wide ; 
last proglottid with a concave posterior margin. Genital sinus 
irregularly alternate, situated on the margin, one-fourth of the 
length of the proglottis from the anterior end. Vagina with 
exceedingly large sphincter muscle and forming a mass of coils 
immediately anterior to  the ovary. Cirrus formed by an in- 
vagination of the distal end of the cirrus pouch and lined by 
cuticula continuous with that covering the body. Vas deferens 
intricately coiled within the pouch and forming a very large 
complex mass of coils near the center of the proglottis. Excre- 
tory canals form in the last proglottis a network, which is con- 
nected with the exterior by a multitude of minute ducts passing 
through the cuticula. 

Genera I Externa I MorpRo Zogy. 

The  specimens studied were collected by Dr. Ward, while 
engaged in the biological examination of Lake St. Clair, during 
August of 1893. During this investigation (Ward, '94) ninety 
fish of twenty species, caught a t  New Baltimore on Lake St. 
Clair, were examined. Half of them proved to be free from ces- 
todes, while the remaining contained two hundred and twenty- 
seven specimens of several species. All of the six individuals 
of Micropterus doZo'omieu examined were found to  be infested by 
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this species of cestode, which was found in no other fish. 
T h e  parasites occurred in the pyloric caeca and in the intes- 
tine, and varied in number from one to four in each fish. The  
specimens were killed with corrosive-sublimate solution and 
preserved in 83$ alcohol-a process which gave very satisfac- 
tory results. 

The  specimens thus preserved varied in length from 280 to 
410 mm., and the breadth of the same from 1.75 to  2.18 mm. 
The  shape of the proglottids a t  the same stage of development 
was not the same in different individuals. Thus, in one speci- 
men certain proglottids were nearly four times as wide as  
long, while in another individual those of the same develop- 
ment were nearly square. An individual which best repre- 
sented the greater number of my specimens gave the following 
measurements : 

Total length of body, 280 mm., containing 332 proglottids. 
Breadth of scolex, .84 mm.; length, . 5 5  mm.; suckers, .4 mm. 
in antero-posterior diameter, .32 mm. in transverse diameter. 
Breadth of neck, .45 mm. 

BREADTH. LENGTH. 
Proglottids 10 mm. from scolex .75 mm. .08 mm. 

1.2 -3 

1.45 .9 to I 

1 5 0  ' L  I' 2 1.5 to 2 

< I  '6 '' 25 

50 

" I 0 0  

" 280 2 2 

" " " 1.25 .75 to .go 
" " 

1.5 1.2 to 1.4 '< 75 L' 6' 

I' ' L  

It will be seen from these figures that all the proglottids in 
the posterior half of the body are nearly of the same size; 
and yet in a few specimens there was a gradual and very con- 
stant increase in breadth and length from anterior to  posterior 
ends. However, too much importance has been attached to  
simple external measurements by older observers, who, in 
many cases, limited their descriptions to  statements of the size 
of body and the shape of scolex and proglottids. T h e  only 
external measurements which are of real value are the dimen- 
sions of the scolex and the size of the unsegmented neck. 

The  scolex of 3'. ambZoplitis is very prominent and plainly 
visible to  the naked eye. It is .84 mm. in lateral diameter, 
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.80 mm. in dorso-ventral, and .85 mm. in length (Pl. XVI, Figs. 
I and 2). From the anterior face it presents a nearly square 
outline, with a deep notch in the middle of each side, dividing 
the surface into quarters. Each quarter contains a large sucker 
which is directed outward and upward. The apex of the head 
is a smooth, rounded prominence with a small depression in the 
top (Pl. XVI, Fig. 3). A fairly good 
idea of the shape of the scolex can be obtained by placing two 
truncated pyramids base to base. One of the smaller bases will 
represent the beginning of the neck, the other the prominence, 
while on the slope just beneath this would lie the suckers. 
The notches seen in the anterior view of the scolex form fur- 
rows down the four sides of the head, which gradually decrease 
in depth and vanish on the first few proglottids. 

The surface of the proglottids is very rough, being thrown 
into longitudinal and transverse folds, as shown in the margin of 
P1. XVI, Fig. 4, where the transverse furrows are so deep as 
to obscure the divisions between the proglottids. The pro- 
glottids are also closely joined together, so that it is difficult to 
distinguish the divisions between them. The color of the body 
in the alcoholic specimen is a watery white, with a yellowish 
tinge toward the posterior end. 

A small genital sinus, having a depth of .025 mm. and a 
diameter of .05 mm., is situated about one-fourth the length of 
the proglottid from the anterior end, on the margin. I t  is 
irregularly alternate in position (Pl. XVI, Fig. 4). 

No hooks are present. 

Anatomical afzd Histological Stmcture. 

CuticuZa. -The cuticula can be resolved into two layers ; 
an outer thinner portion, .oo15 mm. thick, forms the external 
surface (Pl. XVI, Fig. 1 1 ,  ct’.). It is very rough, with minute 
projections extending from the surface, which are coarser, 
blunter, and more irregular than cilia, and which stain darkly. 
-Within this layer is another, .0075 mm. thick, which appears 
learly homogeneous (PI. XVI, Fig. 11, ct.) .  This does not 

take the stain so vigorously as the first. Within the cuticula 
is a layer of transverse muscles, .OOI mm. thick, which appears 
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as a dark line in transverse sections (PI. XVI, Fig. I I ,  m.c.ct.). 
Beneath this layer is a row of dots, which mark the sections 
of longitudinal muscle fibers (PI. XVI, Fig. 11, m.Z.ct.). In 
frontal sections, cut somewhat obliquely, these subcuticular 
muscles can be best observed. Here the transverse fibers are 
seen to be thick and in the form of a fibrous mat, while the 
longitudinal fibers are separate and cross the others at right 
angles. 

The subcuticular cells are slightly pyriform, with a large 
nucleus (Pl. XVI, Fig. I I ,  s8.c.). None of them are closer to 
the muscle layers than .0075 mm., but each sends one or more 
processes into the subcuticular muscle layers, beyond which 
they can no longer be traced. 

The parenchyma cells are irregular in shape and rather 
closely packed, presenting the appearance of a fine meshwork 
with nuclei in the spaces. Scattered throughout the paren- 
chyma are numerous calcareous bodies of various oval shapes, 
none larger than .007 mm. in diameter (Pl. XVI, Fig. 16, ca.). 

Musczdaatzwe. - The longitudinal body muscles are very 
prominent ; they are arranged in irregular bundles, from fifty 
to sixty in all, which vary in thickness from . 0 5  mm. to a 
fourth that size (Pl. XVT, Fig. 16, Lm.). 

As the scolex is approached, the bundles become smaller 
and the fibers are not so closely compacted, many of them 
leaving the bundles and extending separately through the 
parenchyma. In  the scolex the fibers are no longer arranged 
in bundles, but penetrate the parenchyma as scattered fibers. 

In  trans- 
verse section that portion of the proglottis which is filled with 
sexual organs is seen to  be bounded by a thin sheet of wavy 
fibers (PI. XVI, Fig. 16, m.c.). From the sheet single fibers 
dip down irregularly and pass between the organs. The ends 
of the fibers are coiled like a corkscrew. Other fibers go 
outward between the large muscle bundles and take a wavy 
irregular course toward the subcuticular cells. In  the scolex 
these fibers show a radiate arrangement (Pl. XVI, Fig. 3, m.c.), 
and transverse sections in this region show the diagonal fibers 
crossing at the center. 

Within these bundles is another muscle layer. 
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The musculature of the suckers consists of three layers. 
Beneath the cuticular lining of the suckers is a layer of circular 
muscles, precisely as in the proglottids (PI. XVI, Fig. 3, ~z .s . ) .  
Within these is the principal layer composed of fibers running 
perpendicularly to the surface for a distance of .065 mm. at  
the center and gradually decreasing to .04 mm. at the edges. 
Prominent nuclei are situated in the median zone of this layer 
(PI. XVI, Fig. 3, mp.). The proximal ends of these fibers are 
woven in with a second circular layer of considerable thickness, 
but of loosely arranged fibers. A thin, dense, basement mem- 
brane covers the inner surface of the sucker. 

In  the body the partitions between the proglottids are sheets 
of muscle fibers, running transversely, with a much smaller 
number of dorso-ventral strands. 

Nervous System. -In the scolex a thick band of nervous 
tissue is arranged in a circle, somewhat anterior to the center 
of the head. From a point on the ring directly beneath the 
lateral furrow project two branches, one to each adjacent 
sucker, so that each sucker receives two trunks, which enter 
the lining membrane at two distinct points (Pl. XVI, Fig. 8, 
BY.). The band varies from .02 mm. in breadth, and .OI mm. 
thick in one specimen, to a thick mass surrounding the pecul- 
iar spherical bodies described hereafter, and having a thickness 
nearly twice as great as in the first instance. 

From the scolex two longitudinal trunks run down the 
lateral margins of the proglottids just within the muscle 
bundles (Pl. XVI, Fig. 16, n.). In many transverse sections it 
appears as if the nerve sent off at certain places many 
branches of various sizes; but until live specimens can be 
obtained this cannot be proved. In the end of the last pro- 
glottis the nerve trunks bend toward each other and break 
into fine spreading fibers. 

Excretoy System.- Just behind the suckers in the scolex is 
a complicated system of rather regularly curving tubes of vary- 
ing size and connected by curving cross branches. From the 
outer parts of the ducts smaller branches lead to the exterior 
and open by excretory pores through the cuticula (PI. XVI, 
Fig, I I, p.ex.). From the scolex eight longitudinal excretory 
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ducts can be traced through those proglottids in which no 
sexual organs are yet developed. One pair lies in the median 
frontal plane, two pairs are situated below and outwards, -the 
last being close to the cuticula, -and one pair in the dorsal 
half of the body, about halfway to the cuticula. Many minute 
branches are given off from these which open to the outside 
of the body by pores .005 mm. in diameter, exactly the same as 
the excretory pores of the scolex. The pores which connect 
the excretory system with the exterior are simply minute canals 
through the cuticula, with no special walls. They do not re- 
semble the very proniinent pores found by Riggenbach (‘96) in 
P. fossata and CoralZobothrium ZoObo~~wz, being much smaller and 
without any muscle fibers. They differ also in being much 
more numerous and entirely irregular in position. 

Throughout the chain of proglottids the minute excretory 
tubes are connected by these pores in the cuticula with the 
exterior at various places in each proglottis, being especially 
numerous near the posterior end of each. 

In the regiori of sexually immature proglottids a regular 
arrangement of the longitudinal ducts cannot be so plainly 
traced. The two which lie in the median frontal plane are 
the smallest and most regular of all. The others are larger, 
with many branchings and connections. A transverse section 
through sexually mature proglottids and those posterior shows 
a varying number of the sections of the ducts. From larger 
longitudinal tubes small branches may be traced which curve 
around the muscle bundles, and either terminate in branches 
too small to be traced or join some other branch. 

Around the cirrus pouch and vaginal opening near the dorsal 
surface is a network of rather large ducts arising from longi- 
tudinal tubes (Pl. XVI, Fig. 15). 

There is no connecting vessel at  the posterior end of each 
proglottis, connection, as already stated, being accomplished 
at various places by irregular branches. This condition resem- 
bles the description by Kraemer (‘92) of the excretory vessels of 
CyathocephaZus tmmxatus. 

The cuticula of the last few proglottids is fairly honeycombed 
with excretory pores ; especially is this true of the posterior 
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concave margin of the last proglottis, which resembles a sieve. 
The longitudinal vessels in this proglottis terminate in small 
sinuses, which branch and anastomose, much like the ducts in 
the scolex, but more irregularly. This network of ducts is 
in communication with the exterior by means of a multitude 
of pores which are found at this place (Pl. XVI, Fig. 13). 

Such a posterior outlet differs from any previously described, 
since there is no terminal muscular reservoir. The tendency 
of the Proteocejhali to the formation of excretory complexes 
is very well illustrated by this form. 

Directly beneath the apex of the scolex is a sac of cuticular 
structure enclosing a small number of circular masses, closely 
pressed together (Fl. XVI, Fig. 3, ca.). The masses seem to 
be of a calcareous nature, and are penetrated by numerous fine 
canals. No connection whatever could be traced between this 
sac and any outside system, although the excretory ducts form 
a thick network about it. I have found no mention elsewhere 
of such a structure, which is different in many respects from 
the simple calcareous bodies common among cestodes. 

Sexual Organs. - The genital sinus, as before stated, is 
irregularly alternate in position, and is situated on the margin 
about one-fourth of the length of the proglottis from the ante- 
rior end. It resembles in position and relative size that of P. 
fossata, P. ahcissa, and Corallobothrium Zobosum (Riggenbach, 
'96). In P. torulosa and P.$ZicoZZis, as described by Kraemer 
( ' 9 ~ ) ~  no common genital sinus is present, and the genital open- 
ings are exactly in the middle of the margin. The vagina 
opens directly in front of the male opening, a characteristic of 
the Proteocqjha Zi. 

The Maze Genital Organs. -The testes are from seventy- 
five to one hundred in number, arranged irregularly through- 
out the space within the longitudinal muscles of the proglottis 
(Pl. XVI, Fig. 9, t.). Such a position and number is described 
as obtaining in P. tomdosa, P. $ZicoZ.Zis, P. abscissa, P. fossata, 
CoraZZobothrium Zobosum, and many others which have been 
less accurately described. When the uterus becomes distended 
the testes are crowded to the ventral surface, and the uterus 
lies in a broad irregular sheet above them. The testes are 
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crowded at all times enough to give each a polygonal shape. 
They vary in size from .05 to .065 mm. Each is surrounded 
by a very delicate structureless membrane, which is continuous 
with the wall of the vas deferens and vasa efferentia. The 
testes are the first organs to mature and the first to degenerate. 
The spermatozoa are collected by very minute ducts, which take 
a general direction towards the center of the proglottis, joining 
with others in their course. The larger ducts, which finally 
meet, are about .OI mm. in diameter, and these, after making 
more or less intricate coils, unite to form the distended vas def- 
erens, which is .05 mm. in diameter (Pl. XVI, Fig. 9, v.d.). This 
is also coiled and twisted, forming a mass a little anterior to the 
center of the proglottis, extending to the cirrus sac on one side, 
and from the dorsal to the ventral body-walls. The vas deferens, 
in addition to the tunica propria, possesses a delicate epithelial 
layer. As will be seen by comparison, the mass of the coils of 
the vas deferens in this species is much larger and more com- 
pact than in any form yet described. At  all times in ripe 
proglottids the vas deferens is filled with mature spermatozoa 
in thick bunches. Just before it enters the cirrus pouch the 
duct decreases in size to a diameter of .015 mm., and the wall 
becomes thicker and acquires a layer of longitudinal muscles. 

The cirrus pouch is roughly wedge-shaped, with the apex at 
its distal end. Its wall is .0035 mm. thick, composed of a 
longitudinal and a transverse muscle layer, and lined and cov- 
ered with a delicate epithelium. It is intimately connected 
with surrounding tissue and never shifts its position. The 
wall of the sac extends distally to within .06 mm. of the body 
margin, then turns inward, and the longitudinal muscle layer 
is reflected back in the wall of the cirrus. I t  is in the action 
of these reflected muscles that the cirrus pouch aids the pro- 
trusion of the cirrus. When the cirrus is protruded the con- 
tents of the cirrus sac are fairly pulled away from its walls, 
which are never moved. 

The vas deferens, where it enters the cirrus pouch, is .or 
mm. in diameter, and has a wall .003  mm. thick, with faintly 
marked muscle fibers. Just within the pouch it is surrounded 
by a cluster of glanduIar cells. The duct slightly enlarges to 
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a diameter of .012 mm., while the walls gradually increase in 
thickness. Its course is a most intricate one, coiling and 
twisting, and not confined to  any particular part of the pouch 
(Pl. XVI, Fig. 17). I ts  course is not identical in different 
proglottids, but all have much the same complicated twisting. 
At about the middle of the course of the vas deferens in the 
pouch a delicate cuticula, lining the cavity, makes its appear- 
ance ; the longitudinal muscle fibers have become more promi- 
nent, forming a well-defined layer, and circular muscles are first 
plainly seen. Proceeding distally, the cuticula constantly but 
slowly increases until, at the male genital opening, it is con- 
tinuous with the body cuticula, and of equal thickness. 

The  windings of the vas deferens are invested with a delicate 
structureless tissue, which is very elastic. It wraps the coils 
of the duct and holds them in a constant relation to each other, 
but is connected with the walls of the pouch only by delicate 
filaments. 

The  distinction between vas deferens and cirrus is simply a 
matter of size. The  structure of vas deferens within the pouch 
in its distal half is as  follows (Pl. XVI, Figs. I 8 and 20) : lining 
the lumen, which is about .OI 5 mm. in diameter, is the cuticula, 
.002 mm. thick, and quite regularly cast into folds, like the bel- 
lows of a camera (Pl. XVI, Fig. 20, ct.). Without the cuticula 
is a very minute layer of transverse muscle fibers, which follows 
exactly the contour of the transverse folds (PI. XVI, Fig. 20, 

m.s.). The longitudinal muscle layer, which lies next, is of 
unequal thickness, dipping down into the folds (Pl. XVI, Fig. 
20, mp.). Above the muscle layers comes a loose layer, con- 
taining pyriform glandular cells, with narrow processes pro- 
jecting down through the muscle layers, beyond which they 
could not be traced (Pl. XVI, Fig. 20, cZ.gZ.). Surrounding the 
entire duct is a delicate single layer of flattened epithelial cells 
with prominent nuclei (Pl. XVI, Fig. 20, ep.). 

The  last coil of the vas deferens brings its distal end back to 
the proximal end of the pouch near the  ventral side. . A  sudden 
enlargement to  .07 mm. in long diameter then takes place, and 
the duct bends upward and outward (PI. XVI, Fig. 17). The  
cirrus begins at the sudden enlargement, which is slightly bulb- 
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shaped. The size increases very abruptly to .2 mm., then grad- 
ually narrows down to the genital opening, roughly conforming 
to the shape of the pouch (Pl. XVI, Fig. 17). A t  the largest 
part the cirrus in transverse section is -2  mm. in long diameter 
and .075 mm. in short diameter, being of elliptical shape. The 
cuticula is .005 mm. thick, and its folds are large and rounded. 
The circular muscle layer is ,002 mm. thick, the longitudinal 
muscle layer is .0075 mm. thick, and where it dips into the 
folds increases to .015 mm. The layer of tissue next to the 
muscles is .oz mm. thick, and around this is the delicate epi- 
thelium. At  the distal end of the cirrus the longitudinal 
muscle fibers reach nearly to the body cuticula and are inserted 
in the parenchyma. The greater part of these fibers, however, 
are reflected back in the longitudinal muscles of the pouch. 
That part of the cirrus which extends from the distal end of 
the pouch to the genital pore is a simple hollow stalk with 
very thick cuticula, and surrounded by the two muscle layers. 
The cirrus, when protruded, is cylindrical in section and longer 
than a proglottis (PI. XVI, Fig. 4). In a transverse section of 
the extended cirrus, proceeding from without inward, the follow- 
ing layers will be found : a thick cuticula, circular and longitu- 
dinal muscles, a layer of gland-like cells, then a space, then an 
epithelial layer, glandular cells, longitudinal muscles, circular 
muscles, and finally the lining cuticula. By comparing this 
with a section of the retracted cirrus and with the vas def- 
erens, it will be seen that the cirrus is evaginated and that 
the end which was proximal is now distal ; while from the distal 
end runs back within the cirrus the vas deferens, with its layers 
in the normal position. By the action of the circular muscles 
the flat cirrus has become cylindrical, and the pull of the longi- 
tudinal muscles has turned it wrong side out. That portion of 
the cirrus which penetrated the body-wall is now seen as a 
muscular stalk (Pl. XVI, Fig. 5). 

A cirrus somewhat resembling this has been described in 
DipZoobothrium simiZe by Lonnberg (‘92), being simply an invagi- 
nation of the external cuticula, encircled by its muscle coats 
and connected with the vas deferens at its proximal end. 
Riggenbach (‘96) describes in P. fossata a cirrus which closely 
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resembles that of P. ambdopditis, the chief difference being in 
the more delicate structure, and the lesser number of coils of 
the vas deferens within the pouch. 

Fernah Generative Orgum. - The opening of the vagina is 
directly anterior to the male opening and is of variable size. 
The duct passes directly inwards for about .05 mm., and then 
enlarges to twice the size of the opening. The lumen remains 
constant in diameter for about .35 mm., during which distance 
the tube curves anteriorly, and then posteriorly again, taking a 
course which varies from a nearly straight one to a semicircle, 
but which always ends at about the same level as the opening. 
Throughout the region just described the vagina possesses an 
extraordinarily developed sphincter muscle, which is .03 mm. 
in greatest thickness. This muscle is very compact and must 
possess great strength. I t  is by far the most powerful sphincter 
about the vagina yet described in any cestode. The absence 
of any hooks and the shape of the cirrus render this structure 
an important one in most of the Proteocejhadi. This sphinc- 
ter makes the terminal region of the vagina nearly as large 
and prominent in sections as the cirrus pouch (Pl. XVI, Fig. 
IS, va.). 

On emerging from the sphincter muscle the cavity of the 
vagina enlarges suddenly, forming an elongated chamber with 
convoluted walls, which is directly downward and backward, 
narrowing as it nears the median body line (PI. XVI, Fig. 9, 
zw.). From the opening to the end of this enlargement the 
vagina is lined by a continuation of the body cuticula, which 
becomes very thin in the chamber, and there bears delicate 
cilia (Pl. XkI, Fig. IS). Enclosing the sphincter is a layer of 
loose glandular cells resembling those of the cirrus (Pl. XVI, 
Fig. 19, ms. and cLg2.). Outside of these cells is a delicate 
epithelial layer (Pl. XVI, Fig. 19, ep.). The chamber with con- 
voluted walls is undoubtedly for receiving at the time of copu- 
lation a mass of spermatozoa, which may be passed on as the 
capacity of the remaining vaginal duct will permit. It is impos- 
sible to trace the transition from the lining cuticula to the free 
epithelial layer which lines that portion of the vagina extending 
from the chamber to the oviduct. This portion of the vagina 

3 5 0  
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passes down the median line of the proglottis near the ventral 
side, forming a number of turns and coils (Pl. XVI, Fig. 9). The  
inner portion is slightly larger in diameter. The  mass of the 
coils is just anterior to the ovaries, differing in this respect from 
other described species, in all of which the coils are further pos- 
terior. The end of this portion of the vagina is marked by a 
minute receptaculum seminis (Pl. XVI, Fig. 10, r.sem.). From 
this region the vagina continues as a heavy-walled duct of 
decreased diameter, supplied with a layer of gland cells, and 
more heavily ciliated than before. This heavy-walled port ion 
of the vagina by a series of curves reaches nearly to the poste- 
rior end of the proglottis, and there unites with the oviduct (PI. 
XVI, Fig. 10). Further investigation will probably show that 
in PyoteocephaZzls the vagina usually opens into the oviduct and 
not into the ootype. Such is undoubtedly the case in P.$Zi- 
coZZis, although Kraemer (‘92) describes the vagina as entering 
the ootype. P. abscissa and P. fossata Riggenbach (‘96) both 
show the former condition. 

The  presence of spermatozoa can be plainly seen in most 
specimens; in some cases the vaginal chamber near the 
sphincter will be packed with them ; other specimens show 
this portion with walls collapsed and lumen empty, while the 
coils near the ovary are distended. 

The  ovary lies in the posterior end of the proglottis, close to 
the ventral surface. It is a bi-lobed organ, each half extending 
from the median line, where they are joined together, to the 
vitellarian glands on the side. Each half is somewhat retort- 
shaped, with the small end inward, whether viewed in frontal 
or transverse section (Pl. XVI, Fig. 9, 0.). 

The ovary is surrounded by a delicate epithelial layer; the 
ova are closely packed together, those at the extreme outer end 
being clearly less developed than those toward the center. The  
ova are .OI mm. in diameter, with a nucleus measuring ,005 
mm., and containing a very prominent nucleolus. The  ovary 
is penetrated by a few delicate sheets of tissue, which divide 
the eggs into irregular groups, extending from dorsal to  ventral 
surface, but all open at the inner end, thus leaving the passage 
free into the oviduct. The  two lateral wings of the ovary are 
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joined at their inner extremities by a portion of varying size, 
which is antero-dorsal to the rest of the ovary. From this 
common portion projects a muscular organ, the oocapt,’ com- 
monly known as the ‘‘ Schluckapparat ” of the German investi- 
gators, which marks the beginning of the oviduct (PI. XVI, 
Fig. 6). This organ is of oval shape, .oz5 mm. wide, and 
.03 mm. long. It is composed of a layer of circular muscles, 
.oo8 mm. thick, surrounding a lumen, ,0075 mm. in diameter, 
which is lined by cubical epithelial cells. The contractions of 
this organ force the eggs forward into the empty oviduct, as the 
diameter of the outer end of the lumen is .OO~ mm. greater than 
that next to the ovary. About the circular muscles is a coat 
of fibrous tissue, ,007 mm. thick, in which, at fairly regular 
distances, are long, spindle-shaped glandular cells, with narrow 
processes running toward the lumen. 

The oocapt has been described in P. jZicoZZis by Kraemer 
(‘92), in P. coryphlicep/laZa by Monticelli, in P. ZongicoZZis by von 
Linstow (‘91), and in CoralZobothrizm Zoboszm by Riggenbach 
(‘96). The oviduct emerging from the oocapt is .or5 mm. in 
diameter. It is lined by cubical epithelial, ciliated cells, and 
surrounded by loose tissue containing gland-like cells. 

The course of the oviduct differs from that of species hitherto 
described in that it never passes directly backward into the 
ootype, but always passes toward the posterior margin of the 
proglottis, and then curves forward into the ootype (PI. XVI, 
Fig. 10, od.). Starting from the oocapt it makes a wide curve 
laterally, then turns to the ventral side close to  the margin of 
one of the ovarial lobes, thence follows a wide sweep towards 
the opposite 1c be of ovary, from whence it curves forward and 

1 To my knowledge there exists in English no name for this structure which is 
of such importance and general occurrence in the cestodes. Some authors have 
recently endeavored to transfer the German name directly into our scientific termi- 
nology. The unsatisfactory character of such usage needs no demonstration here. 
I am accustomed to use the form given in the text to designate this organ. The 
name is derived from :ov, egg, and K ~ T T W E ,  the gulper or swallower, being thus 
analogous to the German term, and of similar formation to the designation 
ootype, used for an associated organ. Since the name has never appeared in 
print, this formal statement of its derivation and meaning seemed advisable. 

HENRY B. WARD. 
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upward, passing into the ootype about the center of that space. 
Its course is never exactly the same in different proglottids. 
Throughout its course the oviduct is supplied with gland-like 
cells, enclosed in a single-layered epithelium and lined by a 
layer of ciliated epithelial cells (PI. XVI, Fig. 6). The oviduct 
is easily distinguished from other ducts in this region by reason 
of its greater size, darker staining, and more regular course 
(Pl. XVI, Fig. 16, od.). The diameter remains about the same 
throughout. The ova, as they pass down the oviduct, are fer- 
tilized by the spermatozoa from the vagina before they reach 
the ootype. 

The ootype is a direct continuation of the oviduct (Pl. XVI, 
Fig. I 2, ot. and od.). I t  possesses a circular muscle layer, and for 
its entire length is surrounded by the shell gland. Its position 
is about the center of the interovarial space. It receives the 
common vitellarian duct at its beginning, and the secretion of 
the surrounding shell gland throughout its course, resembling 
precisely the ootype of P. tomdosa and P.filicoZZis (Kraemer, '92). 

I t  has exactly the same structure, with the addition of a mus- 
cular coat, as has the oviduct, even to being provided with the 
gland cells, which are embedded in the shell gland (Pl. XVI, 
Fig. 12). Its entire length is only .06 mm., and its diameter 
.or5 mm. Its walls are no thicker than those of the oviduct, 
the eubical epithelial cells not being so large, and this decrease 
being equalized by the muscle layer. The ootype opens directly 
into the uterus, there being here no intermediate duct, such as 
is commonly described in other species. It is possible that one 
of the coils of the thick-walled portion of the vagina has been 
mistaken in some cases, at least, for the duct leading to the 
uterus. There can be no doubt in P. ambZo$Zitis that the uterus 
extends directly forward from the ootype, yet many sections 
seem to show such a duct, which, on careful reconstruction, 
always proves to be nothing more than one of the coils of the 
vagina. The walls of the uterus are very delicate, of a fibrous 
texture, and the lumen at its beginning is .05 mm. in diameter. 
I t  runs directly anteriad to just in front of the ovary, where it 
turns back and proceeds in a dorso-posterior direction to near 
the posterior end of the proglottis. It then makes a turn toward 
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the anterior, and spreads out in all directions, increasing in size 
with the development of the proglottis. The uterus spreads 
first over the dorsal portion of the space, which contains the 
sexual organs, and when fully developed occupies nearly this 
entire space, with the exception of the rudiments of other 
sexual organs. The branches of the uterus are few, and vari- 
able in size and form. The tissue remaining is in the form of 
thin partitions, which stand out perpendicularly from the side. 

The shell gland is more compact than that of most of the 
Pyoteoce$haZi, and extends equally on all sides of the ootype. 
It appears as an irregular granular mass, with scattered nuclei 
distinguishable within it, and large glandular cells grouped 
irregularly in the outer portion. No trace of collecting tubules 
can be distinguished, and the fibrous appearance indicates a 
process to the ootype from each cell. This shell gland is much 
larger and more compact than that described in any other species 
of the genus (PI. XVI, Fig. 12). 

The vitellarian ducts occupy the lateral margins of the pro- 
glottids, just within the longitudinal muscles and partly encir- 
cling the nerve (PI. XVI, Fig. 9, vt.gZ.). Two large ducts run 
from the anterior portion toward the posterior end of the pro- 
glottis. Numerous branches of various sizes join them in their 
course. About the level of the anterior margin of the ovary 
the main duct on each side curves inward and passes along the 
dorsal wall until it is over the ootype; here the two unite to 
form the first vitellarian receptacle (Pl. XVI, Fig. 10, vt.r.). Such 
a union of the yolk ducts from the two sides seems to be a 
characteristic of the genus Pyoteoce@aZus. Riggenbach (‘96) 

describes such a condition in the forms he has studied, and 
says that only in P. jZicoZZs do the ducts enter the ootype 
separately. P. fiZicolZis, however, is not an exception, as my 
own work has proved that the ducts unite exactly as in 
P. awzbZoplititis (see p. 364). 

There are many variations in size, and some in the number 
of these ducts ; there may be two from one side and only one 
from the other, or those from one side may be very large, while 
the others are narrow. The yolk cells are spherical masses 
containing small, densely staining globules. 
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From the first vitellarian receptacle a duct runs ventrally 
and expands into a prominent second yolk reservoir (Pl. XVI, 
Fig. 12, v t . ~ . ) ,  which is situated close to the beginning of the 
ootype. From this reservoir, which is larger than the first, a 
narrow, heavy-walled duct leads into the ootype. 

As the proglottis nears maturity the dermo-muscular sac 
begins to get thinner for a short distance in the mid-dorsal 
line. As the uterus becomes distended with eggs, it pushes 
up into this portion. With the further growth of the uterus 
and development of the eggs, the body-wall at this point be- 
comes thinner and thinner, until it breaks apart and a cleft 
is formed. Then the pressure on the wall of the uterus at this 
point causes its rupture and the eggs escape. 

Prol’eocephaZus jiZicoZZis Rud. 

The early investigators, Rudolphi (‘lo), Dujardin (‘45), Diesing 
(‘50), and von Linstow (‘78), all described Taenia $ZicoZZis and 
Taeniu oceZZata as distinct species, as also did Zschokke (‘84). 

The last author, however, added something of the anatomical 
structure to the details of size and external form given by the 
older writers. Kraemer (‘92) was the first to study by the sec- 
tion method these two forms, making an exhaustive anatomical 
and histological investigation, which showed T. fiZicoZZis and 
T. oceZZata to be identical. As T.~licoZZi.r has the precedence 
in Rudolphi’s synopsis, this name should always apply. Rig- 
genbach (‘96) unaccountably states that oceZZata has the prece- 
dence, although T. jiZicoZZis is described in Rudolphi’s work (‘10) 
on p. 106, and T. oceZZata on p. 108. 

I n  P. jiZicoZZis Kraemer established the presence of a nervous 
mass in the scolex, and two longitudinal nerve trunks through 
the body. The excretory system was shown to consist of a net- 
work of ducts in the scolex and neck, and four longitudinal 
vessels through the proglottids. H e  demonstrated the similar- 
ity of the cuticula with that of other cestodes. The vagina was 
shown to open in front of the male opening, and to possess at  
its distal end a sphincter muscle. He established the presence 
of a bi-lobed ovary in the posterior end of the proglottis and 
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of an oviduct leading from it to an ootype - a duct with a mus- 
cular coat. The lateral position of the vitellaria, the elongated 
acinous structure, and the ducts which proceeded from them 
to the ootype were described. The uterus was shown to be 
a thin-walled sac with lateral branches in the median line of the 
proglottis. A shell gland was demonstrated surrounding the 
ootype. He pointed out the number and scattered position of 
the testes, and the ducts which collected the spermatozoa. He 
also showed that these ducts unite to form the vas deferens, 
which is coiled in the center of the proglottis, and functions as 
a seminal vesicle. Finally he described the termination of the 
vas deferens in a muscular cirrus, enclosed in a well-developed 
cirrus pouch. These characteristics show it to be a typical 
species of Proteocepkahs. 

The specimens which I received from Dr. Ward’s collection 
were in four lots, two of these having been taken from Core- 
gonus nzgripinnis, one from C. prognathas, and one from C. aytedi. 
They were obtained by Dr. Ward while in charge of a bio- 
logical examination of Lake Michigan, under the auspices of 
the Michigan Fish Commission, during the summer of 1894. 
All of the fish were caught in the Traverse Bay region, near 
Charlevoix, Mich. The cestodes were found in the stomach 
of C, artedi, and of one specimen of C. nig-npinnis, and in 
the intestine of C. prognathas and of the other specimen of 
C. nip@bzis. 

Genera( ExternaZ Moqhology. 

In  external form those from C. artedi and C. prognatkzcs were 
alike (Pl. XVI, Fig. 21), while those taken from C nigripinnis 
were longer than the first, and the neck was not only much 
longer, but also slenderer (Pl. XVI, Fig. 22). In the shorter 
specimens the length varied from 12 mm. to 16 mm., while the 
breadth at the widest point was .8 mm., and the neck was about 
two-fifths the total length of the body. In  the? other form the 
length varied from 1 5  mm. to 25 mm., the breadth was .8 mm., 
while the neck ranged from three-fifths to four-fifths of the 
entire body length. In one of the two lots which came from 
C. nigripinnis was a specimen very much larger than the others. 
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Its total length was 38 mm., the length of the neck was 7 mm., 
bu t  the body was no broader than the others. This specimen 
corresponds more closely to Kraemer’s description than the 
others, both as to total length of body and as to the compara- 
tive length of the neck. The  fact that the above forms are 
identical in all other respects shows how little importance can 
be attached to size alone as  a means of identificati0n.l 

The  scolex is . I Z  mm. in diameter, being of a somewhat 
globular shape. It resembles, under low magnification, a 
rounded, slightly swollen end of the neck. The  four suckers 
are .04 mm. in diameter, directed outward and upward, and 
situated a little above the equatorial plane of the scolex 
(Pl. XVI, Fig. 24). 

The  fifth sucker is in every respect a true sucker, since it 
has the same structure and musculature that the four large 
suckers possess. T h e  whole region of the scolex anterior to  
the suckers is capable of considerable motion. Some specimens 
show the whole region retracted until it is (( dished ” below the 
anterior margin of the suckers. In  another it may be very 
prominent, with the opening hardly visible. The  scolex is Aat- 
tened dorso-ventrally, and slight furrows separate the suckers. 

The  neck is .IO mm. to  .I z mm. broad at its anterior extrem- 
ity, and varies from 5 mm. to  10 mm. in length. The  first 
proglottis is very faintly marked off from the neck, and in most 
cases is longer than wide ; in a few specimens, however, the first 
proglottis is nearly square. This proglottis varies in breadth 
from . I  2 mm. to .20 mm., and in length from .12 mm. to .  16 mm. 
The  total number of proglottids ranges from nine to  twenty, 
though the single very large specimen spoken of had forty. 
The  sexually mature proglottids come about the middle of the 
chain. These vary in number from four to seven, and are not 

1 The many differences m-hich I found between P.$ZicoZZis, as described by 
Kraemer, and my own specimens led me to doubt the accuracy of their identifica- 
tion. Through the kindness of Professor Zschokke, Dr. Ward obtained some 
specimens of the true 3’. ~ZicoZZis, which he permitted me to examine. Unfortu- 
nately, however, during the passage the alcohol had escaped from the vials, and 
the specimens arrived in a dry state. The most careful treatment only partially 
restored them, but an investigation convinced me that they resembled my own 
specimens too closely to justify me in founding a new species. 
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identical in shape in different individuals, varying in form from 
nearly square to an oblong in which the length is twice the 
breadth. The greatest breadth of the body comes in the next 
to the last proglottis. The posterior proglottis makes a gradual 
taper toward the posterior end, which is smoothly rounded. 
The excretory pore can be seen at the tip as a cup-shaped 
indentation. 

AnatomicaZ and NistoZop'caZ Stmcture. 

Caticda. - The cuticula is very delicate, .0035 mm. in thick- 
ness ; the external layer presents a very rough appearance (Pl. 
XVI, Fig. 29, ct'.). It takes stain more deeply than the other 
layer. There is no smooth outline on the exterior, as drawn 
by Kraerner. What he pictures as a homogeneous layer, pene- 
trated by perpendicular canals, is in reality a ragged, exceedingly 
irregular layer, with clefts and breaks reaching down to the 
next layer. Its appearance suggests the sloughing off of the 
cuticula. The layer of cuticula beneath this is .002 mm. thick, 
and stains lightly (Pl. XVI, Fig. 29, ct.). 

Beneath the cuticula is a layer of circular muscles .OOI mm. 
thick, and within these is a layer of longitudinal muscles, which 
in cross-sections shows as a row of dots between the outer ends 
of the cell processes of the next layer (Pl. XVI, Fig. 29, 
m.Z.ct. and m.c.ct.). 

The subcuticular cell layer is very prominent, having a thick- 
ness of .025 mm. (Pl. XVI, Fig. 29, s6.c.). The cells are 
narrow, fusiform, with long delicate processes on the distal 
ends. The subcuticular cell layer in P.$ZicoZZis is much more 
prominent than in P. ambZopZitis. In  transverse sections the 
cells form a band, over half the thickness of the dermo-mus- 
cular sac in P. filicoZZis, while in P. am6ZopZitis the band only 
constitutes one-fifth of the thickness of the dermo-muscular 
sac (Pl. XVI, Figs. 16 and 23, sb.c.). 

The parenchyma is very open and loose in texture, looking 
like a coarse, irregular meshwork. Muscular fibers are scat- 
tered throughout it, extending in a transverse direction. In the 
area enclosed by the longitudinal body muscles the parenchyma 
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presents the appearance of strands interwoven, being still more 
open in texture than the outer parenchyma. 

Calcareous bodies are not abundant and are very small, none 
being longer than .005 mm. 

NemJous System. -The central nervous system consists of a 
ring a little anterior to the middle of the scolex ; a large short 
trunk runs from the median dorsal, the median ventral, and 
two lateral points of the ring about half the distance to the 
cuticula, where it divides and half goes to each adjacent sucker 
(Pl. XVI, Fig. 25, n.r. and B. ) .  From the central nerve ring 
two longitudinal trunks pass down the body just within the 
longitudinal muscle bundles at the sides. The nervous sys- 
tems of P. $ZicoZZis and P. ambZopZiiis are thus almost exactly 
identical. 

Excretory System. - There are four regular longitudinal canals 
traversing the body. The walls of these ducts are much thicker 
than in 2'. ambZopZitis, and the course of the duct is more regu- 
lar, with fewer branches. Branches of various sizes are given 
off at irregular intervals and take a more or less tortuous 
course among the organs. The branches which extend toward 
the cuticula are straighter, give off fewer branchlets, finally be- 
coming lost in the subcuticular layer. In some cases the ducts 
seem simply to unite with parenchyma spaces and can be 
traced no further. In the cuticula, at rare intervals, an open- 
ing may be found through which the excretory system connects 
with the exterior. These openings are neither so large, so 
numerous, nor so well defined as in P. ambzoplitis. In the scolex 
and anterior portion of the neck the four vessels are much 
branched, the branches forming a network much as in the latter 
species. Yet the network so formed is not so complex as in 
P. toruZosa. 

MuscuZatwe. -The musculature is not so strongly developed 
as in P. ambZopZitis. The longitudinal muscles are arranged in 
numerous small bundles, appearing in transverse sections of 
proglottids as irregular rows of dots parallel to the outline of 
the section (Pl. XVI, Fig. 23, m.Z.). The sections of the bun- 
dles are of irregular shape and vary in breadth from .oo15 mm. 
to .004 mm. 
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A loose sheet of circular muscle fibers weaves around the 
longitudinal bundles. Large fibers pass in a transverse direc- 
tion between these muscle sheets. The divisions between the 
proglottids are formed by the interlacing of these fibers with 
similar ones which cross them at right angles, both sets being 
here much more complicated than in other regions. 

In the scolex the longitudinal muscles are represented by 
scattered fibers, not arranged in compact bundles, passing ante- 
riorly between the suckers, a few extending to the anterior part 
of the scolex. Other fibers, arranged in a radial direction, ex- 
tend between the suckers, and are connected with the muscula- 
ture of these organs. 

Sexual Organs. -A common genital sinus is present, situated 
a little anterior to the middle of the margin of the proglottis. 
Its position is irregularly alternate in the chain of proglottids. 

Maze Orgalzs. -The testes are from thirty-five to fifty in 
number, and about .05 mm. in diameter. They are scattered 
throughout the space between the longitudinal muscles and the 
vitellaria. Each testis is closely invested by the tunica propria. 
Minute ducts collect the spermatozoa and join together, making 
larger ducts near the center of the proglottis. These larger 
ducts unite to form a dilated thin-walled vas deferens .oz mm. 
in diameter, which forms a convoluted mass of coils in the 
middle of the proglottis (Pl. XVI, Fig. 27, v d.). The wall of 
the vas deferens consists of the tunica propria and an epithe- 
lial covering, while the coils are closely bound together by 
parenchymal strands. The vas deferens is always distended 
with spermatozoa. 

The distal end of the duct passes upward to the dorsal muscle 
bundles, and there enters the cirrus sac. At a distance of 
.IO mm. from its entrance to the cirrus it undergoes a sudden 
diminution in size and receives a delicate muscular coat as well 
as an epithelial lining. A t  the point where the vas deferens 
enters the cirrus sac it is only .or5 mm. in diameter, with 
walls .005 mm. thick, the greater part of which is a muscular 
coat. The duct bends sharply as it enters the cirrus pouch. 

The cirrus sac is an elongated oval in shape, slightly con- 
stricted in the middle. It extends from the edges of the geni- 
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tal pore to the median dorsal line of the inner parenchymal 
space, where a number of heavy muscle strands attach the 
proximal end of the inner tube of the pouch firmly to the 
demo-muscular sac. The walls are thickest about the middle 
of its length, and consist of a circular and transverse muscle 
layer, with a delicate epithelium covering the outer and inner' 
surface (PI. XVI, Fig. 34). 

At  the anterior end the wall of the pouch bends back, form- 
ing a tube through the middle of the sac (Pl. XVI, Fig. 31) .  
This tube is lined, in the distal half, by cuticula, which is con- 
tinuous with that covering the surface of the body. A t  the 
posterior end no cuticula can be distinguished, and the muscle 
layer is very thick. The space between the inner and outer 
walls of the cirrus sac is filled with fibrous tissue, with many 
nuclei (Fig. 3 I). The fibers run from wall to wall in transverse 
direction toward the proximal end, while near the distal portion 
the fibers are curved, with the concave portion directed proxi- 
mally. At  the posterior end of the inner tube the thick muscle 
layer sends out large strands, which pass out of the proximal 
end of the cirrus pouch and join the dermo-muscular sac, as 
before stated. 

About the tube, within the sac, are many gland cells, pro- 
jecting perpendicularly from its walls, and most numerous in 
its proximal half. 

The cirrus is straight, cylindrical, and of approximately equal 
diameter throughout, with the exception of the distal termina- 
tion (Fig. 31,  ci.). This portion is a muscular knob .oz mm. 
in greatest diameter, composed principally of circular muscles. 
In its normal position this terminal portion rests in the end of 
the inner sac tube, like a ball on a cup. The sides of the dis- 
tal fourth of the cirrus are not in direct contact with the cuti- 
cula lining the inner tube, and throughout this distance the 
wall of the tube is quite thick, .005 mm., and the cuticula is 
covered with fine, stiff, bristle-like projections. The cirrus has 
a lumen of .or mm., which is lined by a thin epithelial layer. 
The organ here presents a very peculiar appearance, due to the 
circular muscles which compose its walls, and which are here 
.004 mm. thick. Throughout most of its course the cirrus is 
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very closely joined to the walls of the inner tube, and it seems 
probable that it does not move through the tube at all. 

Kraemer’s description is widely different. His drawing shows 
a slender tube with hooks, representing the cirrus, and followed 
by a proglottis-like arrangement, and then several coils of the 
vas deferens within the pouch. The drawing has an unreal 
appearance on the first glance. The cirrus, with its curved 
hooks, is imbedded in the tissue, which must be torn through 
before it could be protruded. The proglottis-like appearance 
of a portion of the cirrus, as he drew it, was undoubtedly due 
to the way in which the circular muscles were cut in sectioning 
(Pl. XVI, Fig. 31, 71z.s.). He drew the cavity of the cirrus, 
into which the cut ends of the circular muscles projected, as 
the external outline of the cirrus. The coils would be neces- 
sary, according to his theory, but are not to be found. He 
says that the muscles, which he calls “ the  roots,” are for 
retracting the pouch, which is sometimes thrust outwards for 
some distance through the opening. This protrusion is really 
due to an evagination of the free distal end of the inner tube. 

When the cirrus is entirely protruded it extends a length of 
.IO mm. from the male opening. The distal end is the muscu- 
lar knob at the end of the free part of the cirrus, which is 
.035 mm. long. A t  the proximal end this free cirrus enters a 
muscular protuberance of the shape of a truncated cone, whose 
exterior is covered by minute, bristle-like structures. The 
cirrus passes through the center of this and back through the 
pouch in very intimate connection with the walls of the inner 
tube of the sac. The mechanism of the protrusion seems to 
be as follows : The longitudinal muscles of the cirrus sac, which 
are reflected at  the distal end of the pouch into the wall of the 
inner tube, by contraction, would evaginate that distal portion 
of the tube which is free from the cirrus, and pull the rest of 
the inner tube outward through the sac, stretching the 66roots ” 
(Pl. XVI, Fig. 32). Because of the close connection between 
the walls of the cirrus and those of the inner tube, the latter 
would carry out with it the cirrus (Fig. 32). The evaginated 
distal portion of the tube forms the muscular protuberance, the 
former rough cuticular lining of which is now on the outside. 
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Retraction would be accomplished principally by the roots, 
which, as has been seen, are attached to  the proximal end of 
the inner tube. The  vas deferens for a short distance without 
the cirrus sac is of the same size as the cirrus itself, and could 
be drawn into the pouch, thus providing for the extension. 

Female Genevatiw Orgum. -The vaginal opening is .oo8 mm. 
in diameter. About .005 mm. back of the opening, a sphincter 
muscle is found, .o08 mm. in thickness and hemispherical in 
cross-section. The  vagina then bends backward and inward, 
passing under the middle of the cirrus sac. It is of nearly 
equal size throughout, and is lined by ciliated epithelial cells. 
Outside of this is a thin, circular muscle layer bounded by deli- 
cate epithelium. The  whole vagina, toward its distal extremity, 
is surrounded by a very prominent layer of glandular cells, with 
long processes extending toward the duct. The  vagina follows 
the median line of the proglottis, close to the ventral body mus- 
cles. Its course continues straight until it passes under the 
ovaries, where it forms a number of coils ; from there passing 
to the posterior end of the proglottis, and opening into the ovi- 
duct (at ad., P1. XVI, Fig. 28). Kraemer (‘92) wrongly states 
that it opens into the ootype. 

The  ovary is a bi-lobed organ, composed of two retort-shaped 
parts, connected in the median line by a narrow portion, corre- 
sponding to the neck of the retort (Fig. 28, 0.). Each half of 
the ovary is covered by a delicate membrane, composed of a 
single layer of cells. The  ovary is closely packed with ova, 
which are .OI mm. in diameter when they are ready to  leave 
the organ. The  germinal vesicle is very large, measuring 
.0075 mm. in the mature ova, with a prominent nucleolus 
.005 mm. in diameter. The  eggs which are found in the ute- 
rus have a diameter of .02 mm. This last measurement agrees 
with that of Kraemer, but i t  will be noticed that the immature 
ova in this specimen seem to be nearly twice the size he 
describes. This difference might be accounted for by his over- 
looking the delicate protoplasmic mass, which forms the outer 
portion of an ovum. The  ova pass from the ovary into the 
oocapt, which is .oz5 mm. long and .oz mm. in diameter. It 
is lined by cubical epithelium, which is surrounded by a muscu- 
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lar band, oval in section (Pl. XVI, Fig. 35). This organ in 
P. fiZicoZZis resembles closely that of P. ambloplitis. 

The oviduct is lined by cubical, thickly ciliated cells. Around 
this layer is a thin stratum of what appear to be muscle ele- 
ments running transversely ; then comes an epithelial covering] 
and outside of this are scattered gland cells. The course of 
the oviduct depends somewhat on the direction of the oocapt, 
requiring another curve if this organ is directed anteriad ; but 
in all cases the oviduct passes in slightly curving lines nearly 
to the posterior margin of the proglottis. Here it may make 
a coil or two, or bend directly forward again to the center of 
the inter-ovarial space. The vagina usually enters the oviduct 
near the posterior margin of the proglottis, although the union 
is not at exactly the same place in different proglottids. 

The ootype seems to be simply a specialized portion of the 
oviduct. The muscle layer is a little thicker ; the cilia are very 
small, or entirely lacking ; and the surrounding gland cells are 
more numerous. The organ is .or25 mm. long, and for the 
entire distance is surrounded by the shell gland, which in this 
form is exceedingly irregular in shape. Around the ootype is 
a dense portion with a striated appearance, as if composed 
mainly of cell processes (Pl. XVI, Fig. 30 ,  sh.gl.). Long 
strands extend outward from here, leading to bunches, or 
masses, of cells of irregular shape. There is, moreover, no 
similarity in the form of the shell gland in different pro- 
glottids. 

The vitellaria are found on the lateral margins of the space 
within the dermo-muscular sac. Each is formed of a loose 
mass of vesicles, joined to a central longitudinal duct by fine 
transverse brdnches (PI. XVI, Fig. 27, v2.gZ.). The central 
ducts at the base turn directly inward, and meet a little ante- 
rior to and above the ootype. At  their junction a small vitella- 
rian reservoir is formed of variable size. From this reservoir 
a narrow duct leads downwards and backwards to a larger 
spherical reservoir, lying just above the ootype, into which it 
empties by a very narrow duct (Pl. XVI, Fig. 30, v2.r.). 

The uterus extends as a delicate walled tube anteriorly from 
the end of the ootype. It passes forward under the connecting 
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portion of the ovaries, then turns upward and spreads out in a 
broad sheet, close to the longitudinal muscles above the testes. 
Lateral outpocketings are formed as the proglottis becomes 
more mature, and these branches grow larger until the uterus 
in the posterior proglottids nearly fills the entire space within 
the dermo-muscular sac (Pl. XVI, Fig. 27, ut.). 

The ova escape by a cleft in the mid-dorsal wall of the pro- 
glottids. The formation of the cleft is very gradual and seems 
to result from a gradual thinning of the dermo-muscular sac at 
that place. 

In the relations of glands and ducts P. $ZicoZZis and P. a m b h  
@is are remarkably similar. 
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EXPLANATION O F  PLATE XVI. 

The figures are drawn a t  the scale indicated and, unless otherwise stated, with 
Sections from which drawings were made were stained the AbbC camera lucida. 

with haematoxylin. 
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FIGS. 1-20. ProteocephaZus ambZupli2zs. 

FIG. I .  Lateral view of scolex. x 2 5 .  

FIG. 2. Anterior view of scolex. x 25. 
FIG. j. Median sagittal section of scolex. x 50. 
FIG. 4. Proglottids showing extruded cirrus. x 25. 

FIG. 5. Proximal portion of extruded cirrus. x 100. 
FIG. 6. Oocapt and beginning of oviduct. x 500. 
FIG. 7. 

FIG. 8. 
FIG. 9. 

FIG. 10. 
FIG. I I. Section through cuticulaand subcuticular structure. x 2000. Not a 

FIG. 12. Section through ootype, shell gland, and vitelline reservoir. 
FIG. 13. Termination of longitudinal excretory ducts in the posterior proglottis. 

FIG. 14. Transverse section of very young proglottis, showing the eight longi- 

Dorsal view of scolex, showing portion of nerve ring and the longi- 

Transverse section showing nerve ring with branches to suckers. 
Reconstruction of frontal sections showing the organs in a proglottis. 

tudinal nerve trunks. 

Camera outlines. x 50. 
The intra-ovarial region with enclosed female organs. x roo. 

camera drawing. 
x 250. 

x 25. 

tudinal excretory ducts. x 25. Not a camera drawing. 

Not a camera drawing. 



FIG. 15. Longitudinal dorsal excretory vessels. X 25. 

FIG. 16. Transverse section near posterior end of proglottis. 
FIG. 17. Course of vas deferens and cirrus within the cirms sac. 

FIG. 18. Frontal section through cirrus pouch and vaginal opening. 
FIG. 19. Transverse section through vaginal sphincter. x zoo. Not a camera 

FIG. 20. Transverse section of vas deferens at its distal end. x 1000. Not a 

x 50. 
Reconstruc- 

tion from camera outlines. x 250. 

x 100. 

drawing. 

camera drawing. 

FIGS. 2 1-35. Proteocephdrcs ji~icollis. 

FIG. 21. Outline of short form of P.jZicollis. x 4. 
FIG. 22. Outline of long form of P.$Zicalllir. x 4. 
FIG. 23. Transverse section of proglottis through ovarial region. 
FIG. 24. Lateral view of scolex. x ZOO. 

FIG. 25. Transverse section of scolex showing nerve ring. x zoo. Not a 

FIG. 26. Median frontal section of scolex showing nerve trunks. x zoo. Not 

FIG. 27. Reconstruction of frontal section showing anatomy. Camera outlines. 

FIG. 28. 
FIG. 29. Section through cuticula and subcuticular structures. x 2500. Not 

FIG. 30. 
FIG. 31. 
FIG. 32. Cirrus pouch with cirrus protruded. x ZOO. 
FIG. 33. 
FIG. 34 

FIG. 35. 

x 100. 

camera drawing. 

a camera drawing. 

x 75. 
Female sexual organs of the intra-ovarial space. x 225. 

a camera drawing. 
Section of ootype, shell gland, and vitelline reservoir. 
Cirrus pouch and cirrus in retracted condition. 

Frontal section through distal end of vagina. 
Transverse section through the middle of the cirms pouch. 

Section of oiicapt and proximal end of oviduct. 

x 500. 
X ZOO. 

x ZOO. 

x 600. 
Not a camera drawing. 

x 250. 




